Background {#Sec1}
==========

Osteoporosis is a common disease related to fractures that occur at multiple skeletal sites. It causes significant morbidity and mortality \[[@CR1]\] and is the most common reason for a broken bone among the elderly. Osteoporosis has [no symptoms](https://en.wikipedia.org/wiki/Asymptomatic); it is defined as a deterioration of bone tissues and is a skeletal disorder characterized by low bone mass, which is a risk factor for an increased incidence of fracture \[[@CR2], [@CR3]\]. In females, bone loss increases after [menopause](https://en.wikipedia.org/wiki/Menopause) due to lower levels of [estrogen](https://en.wikipedia.org/wiki/Estrogen). The most common locations for osteoporotic fractures are the hip, wrist and spine.

The prevalence of osteoporosis associated with the aging process is anticipated to increase along with the increasing age of the general population. The crude prevalence rates of osteoporosis in both males and females aged 40--79 were 13.1% and 24.3%, respectively, in Korea \[[@CR4]\]. In addition, osteoporosis is associated with a reduced health-related quality of life \[[@CR5]\].

Periodontal diseases are closely associated with other non-communicable diseases and are the most common diseases across the globe \[[@CR6]\]. Periodontal disease itself is caused by infection and [inflammation](https://www.healthstatus.com/health_blog/back-shoulder-joint-pain/muscle-ligament-inflammation-enthesopathy/) inside the mouth after plaque has been left on the teeth for far too long. The condition occurs in 5--20% of the adult population in both developed and developing countries \[[@CR7]--[@CR11]\]. In Korea, the overall prevalence rate of periodontitis was 31.3% \[[@CR12], [@CR13]\]. In 2014, 24.9% of the Korean population received treatment for periodontitis, the second highest frequency of disease, and US \$880 million were spent on these treatments. The annual direct per-capita medical costs of periodontitis were US \$68 \[[@CR14]\].

Risk factors of osteoporosis include female gender, increasing age, low body mass index (BMI), lifestyle factors (smoking, alcohol intake), menopause, and the use of medications including glucocorticoids, anticonvulsants and anticoagulants \[[@CR15]--[@CR19]\]. Osteoporosis and periodontitis share a common mechanism of action due to prostaglandins and proinflammatory cytokines \[[@CR20], [@CR21]\]. Periodontitis is regarded as a risk factor for comorbid diseases, such as cardiovascular and chronic inflammatory disease \[[@CR22]--[@CR24]\]. A recent large-scale cohort study identified a significant association between periodontitis and osteoporosis \[[@CR12], [@CR25]\]. Therefore, we hypothesized that periodontitis would be associated with the development of osteoporosis. The aim of this study was to investigate an association between osteoporosis and periodontitis using a representative population-based cohort. Gender-specific analyses were conducted, and a number of potential confounding variables were examined.

Methods {#Sec2}
=======

Participants {#Sec3}
------------

This study used National Health Insurance Service (NHIS) cohort data released in Korea. The dataset was comprised of 1,025,340 nationally representative participants and employed stratified sampling by gender, age and income level. The participants accounted for approximately 2.2% of the Korean population in 2002. The dataset also includes information on all medical claims filed and checkups attended by participants from 2002 to 2013.

Participants who were under 30 years of age, had been diagnosed with both osteoporosis in 2002 \~ 2004 and periodontitis in 2002 \~ 2003, and had no data related to a checkup in 2002 \~ 2003 were excluded from our analyses. Case and control groups were matched for gender, age, household income, type of Social Security, disability, and residential area using propensity score matching (PSM). The final sample included 13,464 participants: 8884 males and 4580 females. The case group included patients who were diagnosed with periodontitis. A statistical matching technique named PSM was conducted to reduce the bias due to [confounding](https://en.wikipedia.org/wiki/Confounding) variables between the case and control group.

Definition of periodontitis {#Sec4}
---------------------------

Patients were defined as having periodontitis as per the 2004 International Classification of Disease 10th (ICD-10), code K05.3-K05.6 and been treated with subgingival curettage, root conditioning, periodontal flap operation, bone graft for alveolar bone defects, and guided tissue regeneration (Prescription code of NHIS: U1051--1052 Periodontal flap operation \[Simple/complicated\], U1071--1072 bone graft for alveolar bone defects \[allogenic, xenogenous or substitute bone graft/autogenous bone graft\], U1081--1083 guided tissue regeneration \[without bone graft/allogenic, xenogenous or substitute bone graft/autogenous bone graft\]).

Definition of osteoporosis {#Sec5}
--------------------------

The diagnosis of osteoporosis was the [dependent](http://dic.daum.net/search.do?dic=eng&q=dependent) variable. According to the ICD-10, osteoporosis was designated with main codes M80--M82. The different types of osteoporosis include osteoporosis with pathological fracture (M80), osteoporosis without pathological fracture (M81) and osteoporosis in diseases classified elsewhere (M82). Patients with osteoporosis were defined as those who visited clinics or hospitals at least two times per year for the condition and underwent bone densitometry.

Confounding variables {#Sec6}
---------------------

Confounding variables included gender, baseline age, type of Social Security, income level, disability, residential area, Charlson Comorbidity Index (CCI), hypertension and diabetes mellitus, BMI, smoking, alcohol, and physical activity. Age was divided into four groups by 10-year periods (30--39, 40--49, 50--59, and 60+ years). The type of Social Security consisted of medical aid and health insurance in Korea. Health insurance was divided into industrial worker (IW) and self-employer (SE). The participants' income level was recoded into five categories, from quintile 1 (low) to quintile 5 (high), according to the insurance premiums of all people in the household. The disability category was divided into normal and handicapped groups. The residential area was divided into either urban or rural. The CCI was calculated as the sum of the score of comorbid conditions (out of 22 total conditions). Each condition was assigned a score of 1, 2, 3, or 6. The CCI was coded again into three categories (0, 1, ≥2) \[[@CR26], [@CR27]\]. The hypertension and diabetes mellitus patients were participants who had been diagnosed with I10-I15 and E10-E14 in 2003. BMI was calculated as the patient's weight in kilograms divided by the square of their height in meters. BMI was categorized as underweight (under 18.5 kg/m^2^), normal weight (18.5--23 kg/m^2^), overweight (23--27.5 kg/m^2^), and obese (over 27.5 kg/m^2^) \[[@CR28]\]. Participants were classified into non-smoker, ex-smoker and smoker groups. The alcohol frequency was divided into none, 2--3/month, 1--2/week, 3--4/week, and ≥5/week. Physical activity was divided into none, 1--2/week, 3--4/week, 5--6/week, and 7/week according to the participants' weekly frequency.

Statistical analysis {#Sec7}
--------------------

All statistical analyses were conducted separately for each gender. We compared independent variables using x^2^-test according to the presence of periodontitis. The results were expressed as frequency (%). A Cox proportional hazard model was created to examine the differences in the development of osteoporosis between the study and the control group. Covariates included baseline age (ref: 30--39 years old), income level (ref: 1 quintile), type of Social Security (ref: Health insurance (IW)), disability (ref: normal), residential area (ref: urban), smoking (ref: non-smoker), alcohol (ref: none), physical activity (ref: none), BMI (ref: 18.5--23 kg/m^2^), CCI (ref: 0), hypertension (ref: non-diagnosed), and diabetes mellitus (ref: non-diagnosed). The overall incidence rate by age group (30--49, 50+) was calculated using a Kaplan-Meier curve for the 11--year follow-up period. The survival time was the number of months between the baseline and when osteoporosis was identified. The SAS statistical package version 9.2 was used to perform the analyses in this study. A *p*-value \<0.05 was considered to be significant.

Results {#Sec8}
=======

Table [1](#Tab1){ref-type="table"} shows the characteristics of the case and control group in males. No significant difference in gender, age, household income, type of Social Security, disability, or residential area between the case and control groups were identified because these variables were used for matching. The rates of overweight (BMI: 23--27.5 kg/m^2^) and obesity (BMI: \> 27.5 kg/m^2^) in the case group were significantly higher than in the control group. Osteoporosis in males developed at a rate of 1.1% over 11 years. The average duration of osteoporosis at diagnosis was 10.79 years in patients with periodontitis which was lower than the duration in participants without periodontitis (10.83 years) (data not shown). Table [2](#Tab2){ref-type="table"} shows the characteristics of the case and control groups in females. The case group was more likely to experience diabetes than the control group. Osteoporosis in females developed at a rate of 15.8% over 11 years. The average duration of osteoporosis at diagnosis was 9.37 years in patients with periodontitis which was significantly lower than in participants without periodontitis (9.67 years, data not shown).Table 1Characteristics of the subjects according to diagnosis of periodontitis (male)TotalNon-DiagnosedDiagnosed*N*%*N*%*N*%*P*-valueTotal8884100740383.3148116.7Age30 \~ 39259229.2216083.343216.71.000040 \~ 49341238.4284383.356916.750 \~ 59186020.9155083.331016.7≥ 60102011.585083.317016.7SmokingNon-smoker356040.1299284.056816.00.2452Ex-smoker7738.764883.812516.2Smoker455151.2376382.778817.3AlcoholNone275731.0228682.947117.10.80232 \~ 3/month204923.1171683.733316.31 \~ 2/week261229.4218383.642916.43 \~ 4/week99811.282382.517517.5≥ 5/week4685.339584.47315.6Physical activityNone425347.9356383.869016.20.41111 \~ 2/week292032.9243483.448616.63 \~ 4/week99311.281081.618318.45 \~ 7/week7188.159683.012217.0BMI(kg/m^2^)\< 18.51802.016088.92011.10.000118.5 \~ 23299033.7254585.144514.923 \~ 27.5476353.6393882.782517.3\> 27.595110.776079.919120.1CCI0631071.0526283.4104816.60.96921169119.0140783.228416.8≥ 28839.973483.114916.9HypertensionNO827793.2689783.3138016.70.9829YES6076.850683.410116.6DiabetesNO856896.4714183.3142716.70.8391YES3163.626282.95417.1OsteoporosisNO878798.9732683.4146116.60.2942YES971.17779.42020.6*IW* industrial worker, *SE* self-employer, *BMI* body mass index, *CCI* Charlson comorbidity index Table 2Characteristics of the subjects according to diagnosis of periodontitis (female)TotalNon-DiagnosedDiagnosed*N*%*N*%*N*%*P*-valueTotal4580100381783.376316.7Age30 \~ 3967214.756083.311216.71.000040 \~ 49192642.1160583.332116.750 \~ 59121826.6101583.320316.7≥ 6076416.763783.412716.6SmokingNon-smoker444297.0370583.473716.60.6548Ex-smoker120.3975.0325.0Smoker1262.810381.72318.3AlcoholNone367180.2302582.464617.60.01742 \~ 3/month56812.449787.57112.51 \~ 2/week2515.521886.93313.13 \~ 4/week601.35185.0915.0≥ 5/week300.72686.7413.3Physical activityNone299265.3252684.446615.60.04461 \~ 2/week83118.167881.615318.43 \~ 4/week3748.230782.16717.95 \~ 7/week3838.430679.97720.1BMI(kg/m^2^)\< 18.51423.112084.52215.50.847518.5 \~ 23192242.0160283.432016.623 \~ 27.5202644.2169383.633316.4\> 27.549010.740282.08818.0CCI0281861.5237084.144815.90.0741109023.888481.120618.9≥ 267214.756383.810916.2HypertensionNO409989.5342083.467916.60.6168YES48110.539782.58417.5DiabetesNO440796.2368383.672416.40.0342YES1733.813477.53922.5OsteoporosisNO385884.2323383.862516.20.0538YES72215.858480.913819.1*IW* industrial worker, *SE* self-employer, *BMI* body mass index, *CCI* Charlson comorbidity index

Table [3](#Tab3){ref-type="table"} contains the HRs for osteoporosis during an 11-year follow-up period using multivariate Cox proportional regression between males and females. In males, periodontitis was not associated with the development of osteoporosis. The risk factors for osteoporosis were increasing age and CCI score. In females, the risk factors of osteoporosis were increasing age, BMI, CCI score, diabetes, and periodontitis. Females with periodontitis were more likely to experience osteoporosis (HR: 1.22, 95% CI: 1.01--1.48). Women classified as overweight (BMI: 23--27.5 kg/m^2^) and obese (BMI: \> 27.5 kg/m^2^) were also more likely to develop osteoporosis than their normal counterparts, as were those who had been diagnosed with diabetes (HR: 1.46, 95% CI: 1.01--1.48).Table 3Multivariate Cox proportional regression of risk factor of osteoporosis between male and femaleMaleFemaleHR95% CI*P*-valueHR95% CI*P*-valueAge30 \~ 39 (ref)1140 \~ 494.320.96--19.430.0578.494.34--16.60\<.000150 \~ 5922.995.44--97.26\<.000122.6211.57--44.20\<.0001≥ 6045.1410.60--192.32\<.000129.4715.0--57.90\<.0001Smokingnon-smoker (ref)11ex-smoker0.580.21--1.630.3011.590.22--11.450.646smoker1.280.82--1.980.2730.710.43--1.180.189AlcoholNone (ref)112 \~ 3/month0.770.40--1.460.4180.780.59--1.030.0791 \~ 2/week0.950.54--1.670.8490.750.49--1.150.1883 \~ 4/week0.930.46--1.890.8380.500.19--1.330.164≥ 5/week1.380.72--2.650.3290.510.16--1.590.246Physical activityNone (ref)111 \~ 2/week0.630.37--1.080.0920.830.67--1.030.0823 \~ 4/week0.490.20--1.250.1350.820.61--1.110.2075 \~ 7/week0.750.40--1.430.3801.020.79--1.310.894BMI(kg/m^2^)\< 18.51.310.51--3.370.5780.890.55--1.430.63218.5 \~ 23 (ref)1123 \~ 27.50.920.60--1.420.7200.740.63--0.870.000\> 27.50.330.10--1.080.0660.590.45--0.77\<.0001CCI0 (ref)1111.891.17--3.050.0101.201.00--1.430.046≥ 22.251.34--3.780.0021.361.11--1.660.003HypertensionNO (ref)11YES1.210.63--2.310.5691.030.83--1.280.807DiabetesNO (ref)11YES1.650.65--4.150.2901.461.02--2.100.041PeriodontitisNO (ref)11YES1.390.85--2.290.1901.221.01--1.480.038*IW* industrial worker, *SE* self-employer, *BMI* body mass index, *CCI* Charlson comorbidity index

Figure [1](#Fig1){ref-type="fig"} shows the curves that illustrate the incidence probability over an 11-year follow-up period. A subgroup analysis where gender and age (30--49, ≥ 50) were stratified into four groups using a Kaplan-Meier curve was conducted. The females experienced osteoporosis more frequently than males. In particular, females over the age of 50 were diagnosed with osteoporosis more frequently than females aged 30--49 years (Fig. [1c, d](#Fig1){ref-type="fig"}). The incidence of osteoporosis in participants with periodontitis was higher in this group than in any other.Fig. 1Kaplan-Meier curves of subjects by gender and age-group over 11 years, according to presence of periodontitis

Discussion {#Sec9}
==========

Studies on the incidence and prevalence of osteoporosis have revealed various details depending on the gender and age of the participants. In 2012, there were 4120 and 1165 patients per 100,000 in the entire Korean population who were newly diagnosed with and treated for osteoporosis \[[@CR29]\]. In a previous Korean-oriented study, the prevalence of osteoporosis in participants over 40 and under 79 was 13.1% in males and 24.3% in females according to the World Health Organization (WHO) criteria \[[@CR4]\]. In a different study, the prevalence of osteoporosis in participants aged over 50 years was 35.5% in women and 7.5% in men \[[@CR30]\]. Our study also showed a female gender tendency and dependency on age. According to these results, the crude incidence of osteoporosis was 1.1% in males and 15.8% in females over an 11-year period. In females, the average duration of osteoporosis at diagnosis for patients with periodontitis was significantly lower than the duration in patients without periodontitis.

The risk factors for osteoporosis are increasing age, BMI, CCI score, and periodontitis. Our findings have revealed that there is a higher risk of osteoporosis in females than in males. The gap between males and females widens after participants reach their 40s because females experience estrogen deficiency during post-menopause \[[@CR31]\]. An increasing age is also associated with a higher risk of osteoporosis. Estrogen and serum total testosterone levels decrease with age \[[@CR32]--[@CR34]\]. Females with a normal BMI have a significantly higher risk of osteoporosis compared with females who are overweight and obese. Participants with a higher BMI also tend to reach a higher peak bone mineral density than those with a lower BMI \[[@CR35]\]. Comorbidities as measured by the CCI score have been associated with an increase in disease incidence. Both osteoporosis and the CCI score had a strong positive relationship \[[@CR36]\]. The HR for the osteoporosis of subjects with CCI 1 or ≥2 was also higher than for participants with a CCI of 0. CCI score therefore has a strong influence on the development of osteoporosis in males. Lifestyle factors, such as smoking, drinking alcohol and level of physical activity, were not associated with the development of osteoporosis. However, diabetes was related with the development of osteoporosis in females. Patients with diabetes may have an increased risk for osteoporosis. Bone and mineral abnormalities in patients with diabetes might be caused by the effects of insulin deficiency or resistance and hyperglycemia on the bone and bone marrow microenvironments \[[@CR37]\]. Males with periodontitis were not significantly associated with the development of osteoporosis. In contrast, females who had been diagnosed with periodontitis were significantly likely to go on to develop osteoporosis. In particular, females aged ≥50 with periodontitis experienced a higher rate of osteoporosis than others.

Studies to assess the extent of the relationship between periodontitis and osteoporosis are ongoing. The findings of most studies have revealed that the reasons for the connection between the two disorders are estrogen deficiency and low bone mineral density. According to a systematic review on the relationship between periodontitis and osteoporosis, the diagnostic criteria for periodontitis serve an important function. In studies that used radiological criteria to define periodontitis, the relationship between periodontitis and osteoporosis is usually positive. However, in those investigations that used clinical criteria to define periodontitis, the results are controversial \[[@CR38]\].

The severity of periodontitis is quickly becoming an indicator for the presence of osteoporosis elsewhere in the body, since osteoporosis associated with periodontitis is known to worsen the severity of bone degradation in the mouth. Early detection of this condition allows for more adequate treatment of osteoporosis before it has the chance to cause debilitating fractures.

The possibility of bias may arise because the obvious differences in outcome between two groups might depend on intrinsic characteristics. In randomized experimental studies, the randomization enables unbiased estimation; for each covariate, randomization implies that the case groups will be balanced on average, according to the law of large numbers \[[@CR39]\]. However, in observational studies, the assignment of research participants is typically not randomized. Instead, PSM attempts to mimic randomization by creating a case group that is comparable on all observed covariates to a control group.

This study had the following limitations. First, the data used in our analysis were claim data and therefore only included information on each episode of health care utilization. These claim data do not contain any clinical findings or information about the disease's severity. Patients with osteoporosis were defined by examining the results of bone densitometry regardless of any other clinical findings. Second, important confounding variables, including menopause, medications, dietary factors, and metabolic syndrome, associated with osteoporosis were not available for the cohort and therefore limit the value of these findings. Previous studies have revealed the effect of menopause, medication, dietary habits, and metabolic syndrome on osteoporosis \[[@CR15]--[@CR17], [@CR40], [@CR41]\]. Despite these limitations, a key advantage of this study was its demonstration of an association between periodontitis and osteoporosis using 11 years of representative, population-based follow-up data. Third, claim-based diagnoses might underestimate the real prevalence or incidence of periodontitis and osteoporosis.

Conclusion {#Sec10}
==========

The evidence for a link between periodontitis and osteoporosis remains conflicted, so this study was conducted to further investigate this association. We found that periodontitis seems to be associated with the development of osteoporosis after matching participants for gender, age, household income, type of Social Security, disability, and residential area. In particular, females aged ≥50 with periodontitis experience a higher rate of osteoporosis. To both delay and prevent osteoporosis, it is necessary for the good management of teeth. This includes dental examinations, regular cleanings and gum treatment.
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